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SPECIFICATION 

1. INVENTION TITLE 

Silicon Nitride Ceramic Manufacturing Method 

2 . CLAIMS 

(1) A silicon nitride ceramic manufacturing method, 
wherein: 

the starting material is an initial powder mixture for 
sintering which contains silicon nitride powder as its main 
component and zircon powder with average grain size 0.1-5 fim, and 
which forms a liquid phase at temperatures below the 
decomposition temperature of the silicon when sintering, 
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and this is fired at temperatures above the zircon 
decomposition temperature to produce a sintered body in which 
tetragonal zirconia is uniformly dispersed in the intergranular 
glass phase of silicon nitride grains. 

(2) A silicon nitride ceramic manufacturing method as cited 
in claim (1) , wherein said zircon powder is present in the range 
0.5-20 wt%. 

(3) A silicon nitride ceramic manufacturing method as cited 
in claim (1) or (2) , wherein an oxide sintering aid is present in 
said initial powder mixture for sintering. 

(4) A silicon nitride ceramic manufacturing method as cited 
in claim (3) , wherein said oxide sintering aid is present in the 
range 1-2 5 wt% . 

(5) A silicon nitride ceramic manufacturing method as cited 
in claim (3) or (4) , wherein said oxide sintering aid consists of 
one or more selected from among A1 2 0 3/ MgO, Ti0 2 , Si0 2/ spinel, 

or rare earth element oxides, and at least any of A1 2 0 3 , MgO, 
Ti0 2 , or Y 2 O a is present. 

3. DETAILED EXPLANATION OF THE INVENTION 
INDUSTRIAL FIELD OF APPLICATION 

This invention pertains to a silicon nitride ceramic 
manufacturing method. Specifically, it pertains to technical 
means for improving the characteristics thereof . 

PRIOR ART AND PROBLEMS THE INVENTION IS TO SOLVE 

Silicon nitride ceramics are [illegible; light?], hard, 
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strong, and have a small thermal expansion coefficient, so 
applying these to fields which require high strength at high 
temperature, high corrosion resistance, and high abrasion 
resistance has been actively studied. 

However, silicon nitride ceramics are strongly covalent, and 
unlike strongly ionic oxide-type ceramics they are a difficult 
material to sinter, so when sintering such silicon nitride 
ceramics various types of aids are usually used. The aids create 
a liquid phase during sintering and reduce the space between 
grain and grain, and assist sintering and make [the compact] 
finer and denser. 

However, the mechanical properties of ceramics sintered 
using such aids are largely controlled by the properties of the 
glass phase present at the grain boundary. Therefore improving 
the mechanical properties of ceramic has been carried out by 
strengthening this intergranular glass phase. One such method is 
to add zirconia (Zr0 2 ) powder to the initial powder mixture for 
sintering, and cause Zr0 2 to disperse in the intergranular glass 
phase through sintering. 

Nevertheless, when Zr0 2 powder is added, it is necessary to 
use a rather large sized Zr0 2 powder, and in this case the amount 
added must be large in order to obtain a constant effect. If the 
amount added is large, tetragonal zirconia undergoes a phase 
shift to a monoclinic form when the initial powder mixture is 
cooled after sintering. This creates microcracks in the matrix 
due to cubic expansion. 

It is also possible to use very fine grains of zirconia, but 
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in this case it is very difficult to cause the zirconia grains to 
disperse uniformly, and their effect is reduced. 

On the other hand, another possible method is to add a 
compound which undergoes thermal decomposition when sintered and 
forms zirconia. Examples of this compound include hydroxides, 
carbonates, borates, acetates, chlorides, etc. 

Nevertheless, these compounds create gas when they 
decompose, and this gas has the problem of exerting a negative 
effect on the sintered body. Also, these compounds decompose and 
form tiny zirconia grains when sintered, and this decomposition 
occurs at temperatures below the temperature which creates the 
liquid phase, so the tiny zirconia grains which are created are 
not uniformly dispersed, and grow into coarse grains in the 
course of raising the temperature. When zirconia grows into 
coarse grains, the zirconia which became tetragonal during 
sintering once again undergoes a phase shift to a monoclinic form 
when cooled, creating microcracks in the matrix. 

On the other hand, there is a method known in the field of 
alumina ceramics in which zirconia is added in the form of 
monoclinic zircon (ZrSi0 4 ) powder, which forms zirconia (Zr0 2 ) 
when sintered and strengthens the sintered body (Unexamined 
Patent 61-2 6558) . However, in this strengthening mechanism the 
tetragonal zirconia (Zr0 2 ) which shifted from the monoclinic form 
during sintering shifts back to the monoclinic form again in the 
cooling process after sintering ends, and the volume change when 
this occurs applies compressive stress inside the matrix, and 
provides a bias corresponding to the stress accompanying rapid 
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heating and cooling. In addition, the products created by the 
decomposition of zircon (ZrSi0 4 ) during sintering react with 
A1 2 0 3 and create mullite (3Al 2 0 3 -2Si0 2 ) , and this suggests a 
contribution to strengthening the sintered body. 

On the other hand, Examined Patent 61-3 2 2 74 discloses a 
technique in which Si 3 N 4 is pulverized to 0.2-0.05 /zm using 
pulverizer consisting of zirconium silicate, and the powder is 
sintered in the temperature range 1, 700-1, 900°C. The patent 
indicates that sintering properties are improved by this method, 
but this publication says nothing whatsoever regarding the 
strengthening mechanism based on a Zr0 2 phase shift, and the 
aforesaid improvement in sintering properties is produced by a 
special surface structure of the powder grains due to the 
pulverizing process, and it is this which improves the sintering 
properties . 

MEANS FOR SOLVING THE PROBLEMS 

The present invention took into account the aforesaid 
matters, and provides a method of obtaining a zirconia- 
strengthened silicon nitride ceramic by a completely novel 
method. In essence, the starting material is an initial powder 
mixture for sintering which contains silicon nitride powder as 
its main component and zircon powder with average grain size 
0.1-5 inn, and which forms a liquid phase at temperatures below 
the decomposition temperature of the zircon when sintering, and 
this is fired at temperatures above the zircon decomposition 
temperature to produce a sintered body in which tetragonal 
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zirconia is uniformly dispersed in the intergranular glass phase 
of silicon nitride grains. 

OPERATION AND EFFECT OF THE INVENTION 

The present invention first creates a liquid phase in the 
process of sintering the initial powder mixture, and then the 
zircon contained in the powder mixture decomposes to Zr0 2 and 
Si0 2 . The zirconia (Zr0 2 ) created when this occurs has an 
extremely small grain size, and a liquid phase already exists at 
the grain boundary, so after it is formed it quickly disperses 
uniformly in the liquid phase. Unlike compounds such as 
hydroxides of Zr, not much gas is produced by this decomposition, 
so there are essentially no negative effects due to gas 
production. 

Now, the effect of the liquid phase created when carrying 
out sintering causes the silicon nitride grains to fire and 
harden densely, and then the liquid phase becomes a glass phase 
through cooling. Zr0 2 is uniformly dispersed in this glass 
phase, so the glass phase is effectively strengthened. 
Consequently, the ceramic' s mechanical strength (for example, its 
bending strength and toughness) also become excellent, and its 
chemical resistance also increases because Zr is included in the 
intergranular glass phase. 

The Zr0 2 becomes tetragonal at the high temperature of 
sintering, and maintains a quasi-stable tetragonal form even in 
the subsequent cooling process, and strengthens the intergranular 
glass phase. 
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A feature of the present invention is that the zircon 
present in the initial powder mixture decomposes and forms 
zirconia after the liquid phase is formed during sintering, so 
the tiny grains of decomposed and created zirconia immediately 
disperse uniformly in the liquid phase after they are created. 
Thus the tiny grains of created zirconia do not undergo crystal 
growth and become large in the subsequent heating. Consequently / 
this does not create the problem in which nearly all of the 
tetragonal zirconia phase shifts to the monoclinic form again in 
the process of cooling the sintered body, and cracks do not form 
in the matrix. 

That is, zirconia may undergo a phase shift to the 
monoclinic form in the process of cooling the sintered body if 
powdered zirconia is added at the beginning or if fine zirconia 
is created by decomposition through the addition of hydroxides of 
Zr but a liquid phase is not created so grain growth occurs in 
the subsequent heating. But in the present invention the fine 
zirconia created by decomposition (it has a smaller grain size 
than the phase shift grain size) quickly disperses in the liquid 
phase, so this zirconia maintains its fine grain state even 
during the subsequent heating process, and as a result it 
maintains its tetragonal form as-is when cooling the sintered 
body and effectively strengthens the glass phase. 

Furthermore, adding zircon to alumina ceramics is known as 
described above,, but that strengthening mechanism is one which is 
completely different from the present invention's strengthening 
mechanism. 
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Examined Patent 61-32274 also combines S 3 N 4 with zirconium 
silicate, but this is a technical means for increasing its 
sintering properties, and that mechanism too is one based on a 
pulverizing process when making the powder and operates by giving 
the grain surface a special surface structure* It is 
fundamentally different from the present invention. 

In the present invention the zircon grain size needs to be 
in the range 0.1-5. /zm. This is because if it is smaller than 0.1 
IMm obtaining a uniform mixture is difficult, and if it exceeds 5 
^m the zirconia formed by decomposition becomes large and coarse. 

The zircon present in the initial powder mixture also acts 
as an aid here. The Si0 2 phase at the surface of the silicon 
nitride surface and the zircon decompose, and some of the Si0 2 
and Zr0 2 that. is created forms a liquid phase. 

Zircon can be present in various amounts, but the preferred 
range is 0.5-2 0 wt%. The most preferred range is 1-10 wt% . 

In the present invention it is effective to have various 
oxides present as aids. Providing such oxide-type aids forms a 
silicate flux during sintering, so the zircon decomposes at a 
lower temperature, so the zircon which is present is used more 
effectively. The preferred content range for this oxide-type aid 
is 1-25 wt%. A range of 2-15 wt% is particularly preferred. 

The oxide-type aid should consist of one or more selected 
from among A1 2 0 3 , MgO, Ti0 2 , Si0 2 , spinel, or rare earth element 
oxides. Of these, those containing Ti0 2 are highly effective. 
Also, a superior effect is obtained by having at least any of 
A1 2 0 3 , MgO, Ti0 2 , or Y 2 0 3 present. 
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EMBODIMENTS 

Next the features of the present invention shall be 
explained in additional detail, with the embodiments shown below 
explained in detail. But these are merely examples of the 
present invention. It is possible to implement various 
configurations of the present invention without departing from 
its essence. 

EMBODIMENT 1 

Silicon nitride initial powder with average grain size 0.6 
fj,m and zircon powder with average grain size 1 jum and alumina 
powder with average grain size 0.4 fira were mixed in a ball mill 
for 24 hours in ethanol in the amounts shown in Table 1, then 
dried and granulated to produce a mixed powder. This was formed 
into 60 x 50 x 5 mm specimens using a cold isostatic press with 
pressure 3t/cm 2 , and these were fired at each temperature shown 
in Table 1 in a nitrogen atmosphere. When the relative density/ 
3 -point bending strength, and fracture toughness (IF method) of 
the resulting sintered bodies were measured, the results shown in 
Table 1 were obtained. Furthermore, for comparison the same sort 
of tests were also performed on a specimen which did not contain 
zircon . 



Table 1 





Composition (wt%) 


Firing 
Temp. 
( °C) * 


Rel. 

Density 

(%) 


Bending 
Streng* 
(MPa) 


(MPa 


Si,N A 




ZrSiO^ 


This 

Invention 


85 


7.5 


7.5 


1850 


92.0 


650 


6.6 


90 


5.0 


5.0 


1800 


93.0 


620 


6.4 


90 


7.5 


2.5 


1850 


91.5 


590 


6.6 


Comparison 


85 


15 




1850 


93.4 


480 


5.1 



* Maintained for 4 hours. 
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EMBODIMENT 2 

Silicon nitride initial powder with average grain size 0,6 
fj,m and zircon powder with average grain size 1 /xm and alumina 
powder with average grain size 0.4 /xm and yttria powder with 70% 
of its grain sizes 1 fim or less were mixed in the compositions 
shown in Table 2 , and then processed in the same manner as the 
aforesaid First Embodiment and the same measurements were taken. 
Table 2 shows the results. 

Table 2 





Composition (wt%) 


Firing 
Temp. 
(°C) * 


Rel. 

Density 

(%) 


Bending 
Streng. 
(MPa ) 


K IC 
MPa 




A1 ? 0^ 




ZrSiO^ 


This 
Invent ♦ 


85 


5.0 


5.0 


5.0 


1750 


98.6 


980 


7.9 


85 


5.0 


5.0 


5.0 


1800 


99.1 


1010 


8.1 


90 


2.5 


2.5 


5.0 


1750 


97.5 


950 


7.7 


90 


2.5 


2.5 


5.0 


1800 


97.7 


950 


7.9 


Compar . 


90 


5 


5 




1750 


98.5 


870 


6.7 


* Maintained for 4 ] 


lours . 



The results of Table 1 and Table 2 show that the present 
invention's specimens are superior with regard to bending 
strength and fracture toughness values compared to conventional 
specimens to which zircon was not added. 



Applicant: TNAX, Inc. 

Agent: Kazuo Yoshida, Patent Agent 
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AMENDMENT ( VOLUNTARY ) 

March 19, 1991 

To: Director-General of the Patent Office 



1. Case Indicator: 

Application 1-330195 



2. Title of Invention: 

Silicon Nitride Ceramic Manufacturing Method 

3. Party Performing Amendment: 
Relationship to Case: Applicant 
Name: IN AX, Inc. (047) 

Address: 3-6 Koie Honmachi, Tokoname City, Aichi Prefecture 

4. Agent: 

Name: Kazuo Yoshida, Patent Agent (8944) [seal] 
Address: No. 904, Daiichi Chisan Building, 1-3 Somachi, 
Nakamura-ku, Nagoya City 
Phone: 052-451-9300 , 

5. Subject of Amendment: 

(1) Section for Detailed Description of the Invention in 
the Specification 

6. Details of Amendment: 

(1) Correct the contents of Table 1 on Page 13 [of the 
original] to the contents of the attached Table 1. 

(2) Correct the contents of Table 2 on Page 15 [of the 
original'} to the contents of the attached Table 2. 



Table 1 





Compo s it ion ( wt % ) 


Firing 

Temp. 

(°C>* 


Rel. 

Density 

(%) 


Bending 
Streng . 
(MPa) 


(&Pa 


Si^ 


A1 ? 0^ 


ZrSiO^ 


This 

Invention 


85.0 


7.5 


7.5 


1850 


92.0 


650 


6.6 


85.0 


10.0 


5.0 


1850 


92.9 


635 


6.5 


85.0 


14.0 


1.0 


1850 


93.4 


550 


5.5 


85. .0 


14.5 


0.5 


1850 


93.4 


510 


5.2 


90.0 


5.0 


5.0 


x 1800 


93.0 


620 


6.4 


90.0 


7.5 


2.5 


1850 


91.5 


590 


6.6 


Comparison 


85.0 


15.0 




1850 


93.4 


480 


5.1 



* Maintained for 4 hours. 
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Composition (wt%) 


Firing 
Temp. 

/ op \ * 


Rel. 
Density 


Bending 
Streng. 
/MPa \ 


(kS>a 
m 1/2 ) 


Si,N 4 






ZrSiO^ 


This 
Invent . 


85.0 


5.0 


5.0 


5.0 


J. / ZjU 


98 . 6 


980 


7.9 


85 . 0 


5 . 0 


5.0 


O . U 


1 Ann 


99.1 


1010 


8 . 1 


89.0 


5.0 


5.0 


1.0 


1800 


98.7 


995 


7.9 


89.5 


5.0 


5.0 


0.5 


1800 


98.6 


990 


7.7 


89.8 


5.0 


5.0 


0.2 


1800 


98.5 


980 


6.9 


90.0 


2.5 


2.5 


5.0 


1750 


97.5 


950 


7.7 


90.0 


2.5 


2.5 


5.0 


1800 


97.7 


950 


7.9 


Compar . 


90.0 


5.0 


5.0 




17 50 


98.5 


870 


6.7 


\ 90.0 


5.0 


5.0 




1800 


98.5 


980 


6.8 
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